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We present our recent atomic force microscopy studies on a curcumin based Zn(II) com-
plex anticancer agent. We investigated the morphology of the molecule on a nanoscale
level to test the effect of different substrates and solvents on the shape and the aggre-
gation properties of the molecule. Self assembled films were produced by Langmuir
technique at different surface pressures and by spin coating.

Measurements showed small molecular aggregates with a height of 0,5 nm. The
wetting properties of the substrate play a role in the aggregation properties and the film
formation. The obtained results will help in understanding the interaction of the studied
molecule with DNA or chromonic systems.

Keywords Afm; anticancer molecules; chromonic liquid crystals

Introduction

The complex studied in this work, [Bpy-9Zn(curc)(CI)] [1,2], has been selected among
the new inorganic complexes recently proposed as effective alternatives to platinum based
antitumor agents currently used in chemotherapy [3,4] in order to overcome toxicity and
drug-resistance phenomena and to improve activity and selectivity. The synthesis of new
metal-based therapeutics is rapidly growing up and these novel complexes show better
solubility properties and various substitution kinetics or mechanism pathways, all factors
which may induce a pharmacological profile different than those of platinum-drugs. Among
them Zinc derivatives are receiving intense interest as promising candidates among the
new generation of cytotoxic complexes with low in vivo toxicity and perhaps new modes
of action and cellular targets with respect to the classical metallodrugs [5]. Indeed [Bpy-
9Zn(curc)(CI)] shows interesting anti-tumor properties in vitro on several human tumor cell
lines, with value of IC50 of micromolar order [1,2] and high stability in solution, factor that
allow it to overcome the curcumin disadvantage of being relatively poor bioavailable and
photodegradable. In particular [Bpy-9Zn(curc)(CI)], is an heteroleptic Zinc(II) complex
containing in the same time an N,N chelating ligand (the 2,2′-bipyridine), a diketonate
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O,O chelating ligand (the curcumin) and a monodentate ligand (chloride), whose overall
molecular structure suggests that it may act as metallointercalator.

Moreover, this complex could play also a fundamental role in the chromonic alignment
research. We will examine separately the two aspects.

Recently the interest in chromonic liquid crystals is grown and they have found appli-
cation as low cost linear polarizers, retarders, aligning layer in displays, color filters and
in biosensors. Their aggregation properties are under study and trying to align them in
homeotropic configuration is a big challenge [6].

Chromonic phases can be considered to be the lyotropic counterpart of discotic phases:
the aggregation process is largely driven by enthalpic processes, i.e. the face-to-face at-
tractive forces between chromonogenic molecules [7]. In this category are included dyes,
drugs and nucleic acids.

The planar alignment of chromonics has been achieved using Liquid Crystal standard
alignments: rubbed polymers, SiOX, air or solution fluxes and polymeric gratings; while a
metastable homeotropic alignment has been obtained in [8] using DMOAP (N-dimethyl-
N-octadecil-3-amminopropil trimethoxisilyl cloride).

We believe that a uniform layer of quasi-flat molecules like [Bpy-9Zn(curc)(CI)]
which can interact with aromatic core of chromonic molecules can favour the homeotropic
alignment.

A powerful tool for investigating the homogeneity and the mechanical (tribological)
properties of the molecular layer is the atomic force microscopy (AFM). It can provide
information on the morphology but also on the adhesion of the surfaces.

Several papers show that AFM is also a suitable technique to examine perturbations
in the tertiary structure of DNA induced by the binding of a chemotherapeutic agent
and, using increment in contour length as a reliable measure of intercalation, revealed
saturation occurring at a point where sufficient drug was present to interact with every
other available binding site [9–15]. Furthermore is possible to discriminate among different
binding mechanism: intercalation, groove binding or covalent attachment [16].

In investigating the DNA-drugs interaction with AFM, the surface can play a funda-
mental role: the adsorption process can change the DNA conformation and topology and
the substrate choice may be critical [17]. For this reason this preliminary study is focused
on imaging the anti-tumour molecule on substrates differing for their surface energy and
using different solvents in order to verify aggregation phenomena which can compete with
the intercalation effectiveness. Two biocompatible solvents (water and ethanol) have been
used to prepare samples on solid substrate while, for comparison, samples prepared starting
from chloroform solution have been prepared on the same substrates.

Materials and Methods

[Bpy-9Zn(curc)(CI)], whose structure is shown in Fig. 1 has been selected because of its
long aliphatic chains which makes it suitable for deposition using both Langmuir trough
[18] or spin coating.

It has been synthesized as previously described [1,2] through a two steps pathway: in
the first step the formation of a Zinc(II) precursor, starting from the bipyridine ligand and the
stoichiometric ratio of Zinc chloride, in the second step the reaction between the precursor
complex with an equimolar amount of purified curcumin in the presence of triethylamine.
[Bpy-9Zn(curc)(CI)] is soluble in methanol, ethanol, chlorinated solvents and DMSO. The
behaviour of Bpy-9Zn(curc)(CI)] has been investigated by UV/VIS spectroscopy in ethanol

D
ow

nl
oa

de
d 

by
 [

Si
au

liu
 U

ni
ve

rs
ity

 L
ib

ra
ry

] 
at

 0
0:

28
 1

7 
Fe

br
ua

ry
 2

01
3 



196 C. M. Tone et al.

Zn

N N

C9H19C9H19

Cl

OH

OCH3

O O

OCH3

OH

 

Figure 1. Chemical formula of complex [Bpy-9Zn(curc)(CI)].

solution where it exhibits strong absorption in the UV-vis region, with absorption maximum
in the range from 408 to 450 nm. The emission spectrum of Bpy-9Zn(curc)(CI)] shows a
luminescence maximum at 534 nm with fluorescence yield of 20.4%

Bpy-9Zn(curc)(CI)] was deposited on different substrates: silicon wafer was washed
in Piranha solution (H2SO4 and H2O2) in order to remove organic contaminants; glasses
were washed in NaOH solutions, sonicated and rinsed several times with Millipore water
(18.2 M� cm). Freshly cleaved mica was prepared at the moment of deposition. Hydropho-
bic glasses, mica and silicon wafer have different surface energy. Mica is widely used in
AFM analysis due to its surface smoothness, its transparency, even if it shows birefrin-
gence under optical microscopy, and hydrophilicity. On the contrary, carefully cleaned ITO
covered glasses are hydrophobic, show a roughness of about 4–5 nm but are suitable for
alignment and electric studies of chromonic phases. The analysis has been carried out also
depositing layers onto silicon surfaces since they show smoothness like mica but have a
different surface energy.

For the deposition of [BPY-9ZN(CURC)(CI)] by Langmuir technique, solutions in
chloroform at concentration 0.9 mg/mL were prepared. The absence of aggregations phe-
nomena in solution was checked using a quartz cuvette and a spectrophotometer. Films
were prepared on Millipore water (18.2 M� cm) using a NIMA 622/D1/D2 film balance
with coupled barriers (compression speed 20 cm2/min) and transferred via the Langmuir-
Blodgett (LB) or Langmuir-Schaefer (LS) techniques onto hydrophilic mica (dipping speed
5 or 10 mm/min), hydrophobic glass substrates and silicon substrates. A micro liter syringe
was used to deposit the solution drop by drop onto the water surface. After 10 minutes,
necessary for the evaporation of the solvent, the monolayer compression started. Once
the pressure deposition was reached, the film was stabilized for 5 min then single layers
were transferred into substrates. The transfer ratio was not exactly measurable due to the
not regular shape of cut silicon slices but the area versus time graph showed clearly that
deposition on the estimated area occurred.

[Bpy-9Zn(curc)(CI)], was also deposited by spin coating on the same substrates for
comparison. It has been performed during the sample rotation for a better coverage at
3000 rpm using a Calctec spin coater. For the deposition of [Bpy-9Zn(curc)(CI)], by spin
coating, solution of [Bpy-9Zn(curc)(CI)], in chloroform, ethanol and water were prepared
at the concentration of 0.9 mg/ml, 1 mg/ml and 10−4 mg/ml respectively.

A commercial atomic force microscope (NanoScope IIIa, Bruker Inc. Santa Barbara,
CA) was used in tapping mode. AFM is a powerful tool to image sample morphology with
sub nanometer resolution. In an atomic force microscope a very sharp tip is attached at the
end of an elastic cantilever while the sample is moved under the tip using a piezoelectric
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scanner. In tapping mode the cantilever oscillates close to its resonant frequency in the free
space. When the tip approaches the sample and starts to feel the interaction forces with its
surface, the oscillation amplitude changes and the tip hits periodically the sample surface. A
built-in AFM feedback circuit works to keep the tip vibration amplitude constant while the
scanner movements are used to create the surface morphology image. Silicon cantilevers of
the same manufacturer, with a resonance frequency of about 300 KHz were used to acquire
the topography of the dried samples in air.

AFM characterization of the deposited films was done after drying for 24 h.

Results

Langmuir Deposition

The curve in Fig. 2 reports the surface pressure as a function of area per molecule. When
the molecules are far apart they do not interact and the pressure is zero; as soon as they
start to interact the pressure raises and the curve slope indicates phase changes at air water
interface.

Typical pressure-area curves are reported in Fig. 2. two isotherm cycles were performed
just after spreading and 3 hours later. The pressure always starts to raise at about 85 Å2/mol
and a kink appears in the curve which shifts at higher pressure when expansion and
compression are repeated. This kink could be related to aggregation since molecules start
to interact via H – bonds and less energy is required after then to bring them closer.
No collapse is observed until 40 mN/m. Different pressures were chosen for deposition
(5 mN/m, 12 mN/m, 18 mN/m) and the monolayer is quite stable at all pressures; one
example of film stability is reported in Fig. 3 for π = 12 mN/m. The pressure-area curve
reproducibility has been checked by several experiments.

40 50 60 70 80 90 100 110
0

5

10

15

20

25

π(
m

N
/m

)

A2/mol

 10 min after spreading
  3 h later

Figure 2. π -A curve of [BPY-9ZN(CURC)(CI)] Langmuir monolayer at air-water interface.
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Figure 3. Stability of the monolayer at 12 mN/m; the solid curve is the surface pressure while the
symbols the surface area.

In Fig. 4a the morphology of LB deposition onto mica for the three different pressures
(5,12,18 mN/m) is shown: patches of monolayer are clearly observed. The scan area is 2 ×
2 micron2.

As visible from AFM images, by increasing the compressing pressure the film be-
comes more uniform, i.e. the coverage area increases with the pressure (46%, 73%, 83%
respectively) as expected. For the film deposited at 5 mN/m, the monolayer height is about
1.2 nm, 1.3 nm is found for the film deposited at 12 mN/m, and for the last deposition, the
height increase slightly up to 1.4 nm. This could be explained considering that the chains
gradually raise increasing the surface pressure.

Figure 4a. LB monolayer deposition on mica at pressure of 5 mN/m (left), 12 mN/m (centre) and
18 mN/m (right).
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Figure 4b. LB monolayer deposition on silicon at pressure of 5 mN/m(left), 12 mN/m(centre) and
18 mN/m (right).

The same experiment has been repeated using Langmuir Schaefer deposition on hy-
drophobic glasses and aggregates are clearly visible on the surface (data not shown); the
same morphology is visible on silicon surface: clusters with a height 1,3 nm at 5 mN/m,
2 nm at 12 mN/m and 2,5 nm at 18 mN/m are found. No coverage estimate is done in this
case due to the presence of aggregates of different size.

The contact angle for mica is low (less than 10◦) indicating that the surface is very
hydrophilic and almost completely wettable as reported in literature [19], while for silicon
wafer chemically treated with piranha solution, we found a contact angle of 30◦C. The
surface energy of the two substrates hence is quite different. Usually from 0–30 degrees
the surfaces are considered as hydrophilic, for tests we deposited the film on silicon wafer
either by LS and LB technique. In the first case some water is removed from the surface
together with the monolayer, a rearrangement takes place and spherical aggregates form
onto the surface (Fig. 4b). In the latter a very rough layer is formed and, due to surface
energy difference between mica and silicon, the layer is not transferred into the substrate
conserving its morphology like in mica case.

Fig. 4b shows the topography of [BPY-9ZN(CURC)(CI)] deposited on silicon at pres-
sure of 5, 12, 18 mN/m. At the pressure of 12 and 18 mN/m, it is possible to observe clusters
of [BPY-9ZN(CURC)(CI)] on the surface. The height of this aggregates is about 1.5–2 nm.

Figure 5 shows the topography of [BPY-9ZN(CURC)(CI)] deposited on glass at pres-
sure of 12 mN/m: also in this case aggregates are visible. The height has been measured
considering a section and is about 3 nm, which can consist either with a single straight
layer or two molecular layers. From all these measurements it appears clear that deposition
on hydrophilic surfaces gives rise to a monolayer quite homogeneous while the deposition

Figure 5. LB monolayer deposition on glass at pressure of 12 mN/m scan size 2 × 2 µm.
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200 C. M. Tone et al.

Figure 6. Spin coating deposition of [BPY-9ZN(CURC)(CI)] solved in chloroform on mica (left)
and glass (right).

on surfaces with lower surface energy gives rise to a not homogeneous layer; this behavior
has been confirmed by spin coating measurements described in the following section.

Spin Coating

The spin coating technique is widely used in liquid crystal research to obtain uniform
polymeric layers as alignment layers in liquid crystal cell, hence we decided to use this
technique for this molecule.

For all solutions, i.e. [BPY-9ZN(CURC)(CI)] dissolved in chloroform, ethanol and
water, the two depositions on glass and mica are shown together to emphasize the differences
in the morphology of the film.

Figure 6 shows the samples obtained from molecule deposition, when dissolved in
chloroform, using glass, silicon and mica as substrates. On glass, a very rough film is
obtained due to the presence of small aggregates. In this case it is difficult to estimate the
film thickness with AFM and the roughness is quite large (3.5 ± 0.1 nm).

On mica we are able to distinguish small aggregates that could be single molecules,
dimers or trimers since from X ray single crystal data it appears that molecules have
a volume 17∗2.3 ∗ 22 Å3 [A.Crispini Private communications] and form easily H-bond
among them with alternating dipoles. The height of this features on mica ranges from
0,2 nm to 0,6 nm which corresponds to a molecule lying flat on the surface. The tip radius
of curvature is about 10 nm, then we can infer that there is a part of the molecular aggregate
that it is not accessible for imaging due to the tip shape.

In fact particle analysis gives a distribution of aggregates with a mean diameter of
16 ± 4 nm. The minimum measured diameter is 11 nm. The same morphology is visible
spinning water solution on mica.

Figure 7 shows the morphology of [BPY-9ZN(CURC)(CI)] dissolved in ethanol. On
mica big aggregates are clearly visible with an height of about 300 nm, instead on glass the
film is uniform, characterized by cluster of different size with an average height of 30 nm.

Figure 8 shows the deposition of [Bpy-9Zn(curc)(CI)] dissolved in water. Similarly to
the case of [Bpy-9Zn(curc)(CI)] dissolved in chloroform, on mica it is possible to distinguish
small molecular aggregates, whose height is about 0,5 nm. On glass the covering is quite
uniform with a roughness of 5 nm. No film or aggregates are found spin coating water
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Figure 7. Spin coating deposition of [BPY-9ZN(CURC)(CI)] solved in ethanol on mica (left) and
glass (right).

Figure 8. Spin coating deposition of [BPY-9ZN(CURC)(CI)] solved in water on mica (left) and
glass (right).

Figure 9. Spin coating deposition on silicon from chloroform (left) and ethanol (right) solutions.
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solution onto piranha washed silicon. While films, obtained spin coating the other solutions
on silicon, present very rough morphology and aggregates of different sizes (Fig. 9).

Conclusions

The substrate surface energy strongly influences the monolayer deposition.
When [BPY-9ZN(CURC)(CI)] is deposited by Langmuir Blodgett technique onto

mica, it is possible to obtain a uniform coverage of the substrate. By measurements done
with AFM we can confirm that is a monomolecular layer with an height of c.a. 1.2 nm,
indicating that the long carboxylic chains are slightly tilted. Spin coating depositions were
carried out as well to check the film quality obtained with this standard technique. The
molecule was in this case dissolved in chloroform, solvent used for LB deposition, ethanol
and water. The last two solvents are biocompatible.

As previously shown in the AFM section, using chloroform and water it is possible to
observe small molecular aggregates, and to measure their height in order to compare the
results with those obtained from single crystal diffraction. The data about height obtained
by AFM measurements are in agreement with X ray single crystal data considering that the
long chains are not perpendicular to the substrate but are slightly tilted. A deconvolution
data analysis is in progress as well as a research for more accurate experimental techniques
in order to obtain more information on the lateral dimension of these aggregates as well as
on the single molecule shape.

When the solution of [BPY-9ZN(CURC)(CI)] and ethanol is deposited by spin coating,
large aggregates are clearly visible with an average height of 300 nm, even if the molecular
solubility is higher in ethanol with respect to other solvents.

Aggregates are also observed when Langmuir Schaefer or spin coating deposition is
used either on silicon or on hydrophobic glasses; it is likely that an aggregation process
occurs at this interface therein films appear not homogeneous. The influence of this feature,
i.e. layer homogeneity, on chromonic molecules alignment is under study. The morphology
on hydrophobic HF (hydrofluoric acid) etched silicon surface could be interesting as well
even if this kind of substrate is not interesting for future works.

The imaging of anti-cancer new complex on mica is good and preliminary results of
its intercalation in DNA phase seem promising as we will show in a further work.
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